ABSTRACT, Moolooite, a naturally occurring hydrated copper oxalate has been identified in a sulphide-bearing quartz outcrop 12 km east of Mooloo Downs station homestead (25 ~ 01' 30" S., 116 ~ 06' 30" E.), Western Australia. It has apparently formed by the interaction of solutions derived from bird guano and weathering copper sulphides. Partial microchemical analysis indicates a composition corresponding to CuC204.0.44H20. The infra-red spectrum is similar to that of the artificial compound with diagnostic absorption bands at 3490, 2975, 2935, 1980, 1940, 1660, 1365,1320, 830, 510, 390, and 315 on-1. Powder X-ray diffraction patterns indicate a disordered structure with orthorhombic symmetry; a 5.35, b 5.63, e 2.56A, Z = 1. The strongest lines of the powder pattern are [dl~, 1, hkl]: 
MOOLOOITE was discovered in May 1977 during regional geological mapping by one of the authors (I.R.W.) on the Glenburgh 1:250000 sheet, reference SG/50-6 of the International Series. It was found 12 km east of the homestead on Mooloo Downs pastoral station in the Precambrian Gascoyne Province of Western Australia, approximately 1 km north of Bunbury Well, latitude 25 ~ 01' 30" S., longitude 116 ~ 06' 30" E. The specimens were obtained from a surface exposure of white glassy quartz cropping out of a quartz-strewn coUuvial surface. The outcrop was about 1 m to 1.5 m high, with several smaller boulders along strike, probably a quartz vein in direction 070. The vein carries scattered grains of chalcopyrite, digenite, and covellite and the oxidation of these has produced a variety of secondary minerals including brochanite, antlerite, atacamite, gypsum, baryte, and jarosite. In the outer few centimetres of the quartz, solution cavities and cracks are lined with moolooite associated intimately with sampleite and libethenite and an as yet unidentified mineral believed to be an oxalate. The association of phosphates and oxalates near the surface of the quartz is most readily explained by reaction between solutions derived from bird excreta and the soluble secondary copper minerals. No excreta was found on the specimens collected although one had a crust of whewellite. The prominent quartz boulders located on flat ground near Mooloo Creek would have provided an ideal roosting spot for passerine birds in recent geological time. Physical and optical properties. The colour of moolooite varies from blue to green but most typically is Turquoise Green 41 d (Ridgway, 1912) with a dull to waxy lustre. Hardness and density could not be measured due to paucity of pure mineral. The micro-concretionary form of the mineral is shown in the scanning electron micrograph ( fig. 1 ). The foil-like elements making up the concretions are themselves aggregates of much smaller crystallites generally less than 1/~m in size. These appear as highly birefringent platelets exhibiting Brownian motion in transmitted light but are too small for precise optical characterization. The largest crystallite observed (approximately 4 /~m x 1 #m) was lath-like or prismatic with maximum and minimum refractive indices of 1.95 and 1.57, perpendicular to, and parallel to the axis of elongation. A Gladstone-Dale calculation using the data of Mandarino (1976) , the empirical chemical composition and calculated density of 3.43 g/cm 3 gives a mean refractive index ti = 3 x /~ = 1.77. (Schmittler, 1968) indicate that the water is of 'zeolitic' character, i.e. not essential to maintain structural integrity. A general formula for the mineral of CuCzOg'n H20 is therefore appropriate. Schmittler has defined the limits of n as 0 ~< n ~< 1; however, the largest water content of copper oxalate determined experimentally and reported in the literature is 0.5 H20 (Dollimore et al., 1963) . Infra-red spectroscopy. Samples for infra-red spectroscopy were incorporated into KBr pressed discs, and spectra recorded on an internally calibrated Mattson Fourier-transform instrument over the range 4000 to 500 cm-1 and on a Perkin Elmer 680 dispersive instrument to extend the range to 200 cm-1. The spectra for moolooite and artificial copper oxalate prepared by precipitation from solutions of copper acetate and oxalic acid are shown in fig. 2 . Both are characterized by very broad absorption bands corresponding to the H20 and carbonyl stretching frequencies at approximately 3500 and 1650 cm-1. It is evident that there is considerably less water in the synthesized compound. Otherwise the only significant difference between the spectra occurs in the region between 900 and 1100 cm -1, where there are additional absorption bands on the moolooite spectrum. These are probably due to silica and possibly phosphate impurity.
X-ray diffraction. Debye-Scherrer X-ray powder diffraction patterns were obtained using a Philips 114.83 mm diameter camera and Fe-filtered Co-Kc~ radiation. Internal calibration was obtained from lines due to quartz impurity. The pattern can be indexed satisfactorily using an orthorhombic cell with refined parameters a 5.35, b 5.63, c 2.56A, Z = 1 as shown in Table I . The data are similar to that given for the artificial compound CUC204-0.1 H20, on pattern 21-297 from the JCPDS compilation. Two very weak and diffuse low-angle lines on some patterns can be indexed assuming a supercell with a' = a, b' = 2b, c' = 2c. This phenomenon appears to be related to the presence of more ordered crystallites. Line broadening due to the combined effects of small crystallite size, line overlap and disorder is general, but the effect is greater in some samples than in others.
Order-disorder phenomena in artificial copper oxalate have been described in Schmittler (1968) . Due to inability to grow suitable crystals, no single crystal X-ray structure analysis has yet been reported. Nevertheless, Schmittler's early X-ray powder diffraction study and a more recent study of inter-atomic distances by extended X-ray absorption fine structure spectroscopy--EXAFS-- (Michalowicz et al., 1979) has revealed considerable structural detail. These studies show that the basic structural unit is an infinite linear ribbon-like chain consisting of alternating Cu 2 § and (C204) 2-ions. The repeat distance along the chain is equal to 2c. The chains are arranged in parallel orientation (en echelon) in layers which are stacked to complete the three-dimensional structure. Ribbons in adjacent layers are approximately mutually perpendicular. Displacements of the layers allows the copper ions to complete octahedral co-ordination by forming two Cu-O bonds with oxygen atoms belonging to ribbons in adjacent layers. In this respect copper oxalate differs from oxalates of other divalent metals (e.g. FeC20 4. 2H20--humboldtine) which utilize oxygens from interlayer water molecules to complete co-ordination (see Lagier et al., 1969; Dubernat and Pezerat, 1974) . Thus water plays a negligible role in the structure and composition of copper oxalate.
